INTRODUCTION
The Gramineae, with about 6oo genera and some 6ooo species, is one of the largest families of flowering plants. It is a truly cosmopolitan group, and remarkable because of the capacity of its members to form the dominant vegetation over large areas of the earth's surface. The terms steppes, savannas, prairies, pusztas, campos or pampas all refer to vegetation types in which grasses are dominant. To quote Ronald Good (1953; p. 53) "Pride of place must certainly go to the Gramineae . . ., the great family ... Not only do the grasses reach to the furthest land in the north and to the borders of Antarctica in the south, but their degree of distribution is usually particularly complete and continuous. Almost alone among the families of flowering plants they form the dominant element in vegetation over great areas of the world, and nearly everywhere else too, except perhaps in some forest regions, the proportion of these plants is high." South America, as we shall see, is no exception, having rich and extensive grasslands. If we include both pure and mixed types, savanna or parkland, this subcontinent possesses nearly 3,500,000 square kilometers of grassland. Approximately a quarter of its entire area is, or was originally, natural grassland (with, of course, many herbaceous dicotyledons and members of other groups associated). In the other vegetation types: Tropical Rainforests, Subtropical Forests or Woods, Pairamos, Puna, Catingas, Chaco, Monte, and Deserts or Semi-deserts, grasses are well represented, but not dominant. An exception is, however, the Bambuseae, which are very conspicuous in hot humid or mountainous forest regions, and even in the natural system of the Gramineae (Parodi, I96I). I would stress, however, that it is founded on such a high degree of correlation of different characters, that there seems little doubt of the correctness of the conclusions.
MEGA-, MESO-AND MICROTHERMIC GRASS GROUPS
I come now to the interesting relation between natural tribes and climate. With our new delimitations of subfamilies and tribes, there is such a close agreement between temperature requirements or preferences of their members, that climatic factors can be used as a component of the diagnosis.
The basic influence of temperature on vegetation led Alphonse De Candolle to formulate the distinction between mega-, meso-, and microthermic plants (1874, cited by C. Troll, 1935 Hartley (i95o), as a result of a statistical study, reported that the main tribes of Gramineae show a high correlation to a particular geographical area, either tropical or cold to temperate, being above normal in numbers in their own climatic area, or below normal in the other areas. By normal he refers to the percentage of the total grass flora.
In my work on the grasses of the Argentine province of Entre Rios (Burkart, 1969) , I adopted this order for the tribes because I think it serves admirably to characterize areas, especially if combined with hydric preferences (hydrophilous, hygrophilous, mesophilous, xerophilous). Rosengurtt, et al. (1970) group the Uruguayan grass tribes into those of "winter cycle" and "summer cycle." As Uruguay lies in the mesothermic area, this allows them to distinguish the two groups of micro-and megathermic origins. I. Megathermic groups: from equatorial and tropical areas with 200C or more mean annual temperature, and over I5OC mean winter temperature.
In South America, the equatorial and tropical vegetational zones are most extensive in the lowlands, mesetas, and lower sierras, between ca. 13W northern and nearly 280 southern latitude. But the Cordillera de los Andes is a formidable barrier which alters the climate through altitude, with profound influence on vegetation. In the Tropical Andes, the megathermics reach ca. I 5oo m, the mesothermics 15oo-35oo m, and microthermics ca. 3500-5000 m elevation, often reaching the line of perpetual snow. Under tropical or subtropical, i.e. megathermic conditions, which prevail over three-fourths of the South America's surface, the temperature factor loses importance and hydric conditions control the phases of vegetation. This is especially true in the savannas (llanos, campos cerrados, palmares). There is a wet season ("invierno") which produces a great development of grasses; and a dry season ("verano") which marks a maturation, seeding, and dispersal of the plants. Whith Conditions for these mesothermic grasses prevail in the temperate zone in large areas of central Argentina, Chile, all of Uruguay, and the extreme south of Brazil (Rio Grande do Sul), between roughly 280 and 400 south latitude. Because of the Cordillera's influence, the zonation is much distorted from the northwest to the southeast. Rainfall diminishes steadily from east (I200-900 mm per year) to the west, where semi-desert conditions prevail (5oo-Ioo mm per year). Here the grasslands disappear and are replaced by the xerophilous, shrubby "monte" vegetation.
The principal grassland of this zone is the Pampa, covering more than a half million square kilometers of plains, with a steppe character in the drier west, and prairie physiognomy in the east. To the north, the Gran Chaco has much grassland between woods and palm groves. The same is true for the Argentine Mesopotamia (Entre Rios, Corrientes) and part of the extensive Campos of Uruguay and Rio Grande do Sul, altogether another half million square kilometers of land.
Winter and Summer Phases in the Mesothermic Grassland Zone.
The natural Pampas and Uruguayan Campos consist of a mixture of originally megathermic and microthermic grasses. The former are plants which flower in summer and autumn; the latter flower in spring, seeding in early summer. In various parts of the year, therefore, the Pampa presents very different aspects. In spring (September-November) the dominants are Poa, Bromus, Stipa, Briza, Piptochaetium, Hordeum, and Calamagrostis; in summer (January-March) representatives of the following genera are in flower: Paspalum, Panicum, Bothriochloa, Schizachyrium, Digitaria, Setaria, Chloris, and Eragrostis. Many Paniceae, Andropogoneae, Chlorideae, and Eragrosteae of megathermic, neotropical origin are represented by numerous adapted species. The mild winters with temperatures seldom falling below o0C permit them to complete their life cycles. Therefore, during the summer and autumn the vegetation has a subtropical aspect. Conversely, other mesothermic grasses of microthermic affinities find the winter temperature favorable for vegetative growth, and after flowering and seeding in the spring pass the hot season in a more or less dormant stage.
In the annual species, this difference is even more pronounced, and we have two kinds of these grasses in the temperate zone, which extend farther from their original home than the perennials, except for some weedy ones: Soil conditions or exposure may alter the general scheme. In Entre Rios, near the subtropical boundary, on the high shores of the Uruguay River, I found Andropogoneae flowering in spring (September), which is exceptionally early. In South Brazil, on the "campinas altas" or in humid forests, some species or the micro-or mesothermic genera (Bromus, Poa, Festuca, Stipa) flower during the summer.
III. Microthermic groups: from cold temperate or cold climates, with less than IooC mean annual temperature and less than 5OC mean winter temperature.
Members of the following tribes, with a predominance of those belonging to the Festuceae, are to be found here. It will be noted that with the exception of the Arundineae, all belong to the subfamily Festucoideae: Arundineae, Festuceae, Triticeae, Aveneae, Agrosteae, Stipeae, Phalarideae.
The distribution of these grasses is restricted in tropical and subtropical South America to the high Cordillera, at a considerable altitude above sea level. At more southern latitudes they are to be found in the phytogeographical provinces called Andina, Chilena Central, Patagonica, and Subantarctica, with considerable transgressions into the neighboring Monte, Pampa, and even Uruguayan provinces (winter/spring vegetation). Only in South Patagonia, with lower temperatures, owing to latitude, do they form grasslands down to sea level. The dominants are species of Festuca, Poa, Bromus, and Stipa, with admixtures of Hordeum, Hierochloe, Trisetum, Deschampsia, Agropyron, Elymus, Agrostis, Alopecurus, Polypogon, Phleum, and other cold-climate, mostly widespread genera (Soriano, 1956; Parodi, 1941 Parodi, , 1949 Dimitri, 1972) . In Patagonia, natural grasslands occur only in the restricted sections in which aridity is not extreme, mainly in the Subandean, Western, and Fuegian districts.
The genus Stipa plays an outstanding role in South American meso-and microthermic grasslands, and is absent in the megathermic ones. With some 80o species in our subcontinent, Stipa is one of the largest grass genera, and is especially important because of having developed many xerophilous species, adapted to the prevailingly arid conditions in western mountainous and southern temperate regions. 4) The South Brazilian Campos, northern parts, including the humid lower Campinhas or small grasslands surrounded by the forest, mainly with acid soils.
5) The Tropical and Subtropical East-Andean Grasslands, which extend on a narrow tract at medium altitudes on the humid eastern slopes of the Andes, above timberline, from Venezuela and Colombia to Bolivia and northwestern Argentina.
Everywhere in this domain there is strong competition between woody plants, tending to the natural forest climax, and grasses and herbs, which build up the savanna. Climatic or edaphic conditions have determined the existence of savannas. Grasses are better adapted to a long dry period than are trees, and the latter require better and deeper soils. Through human activities (grazing, burning, etc.) the natural savannas have been extended, favoring the grasses, and forests are becoming more and more restricted. 1) The Paramos of Venezuela, Colombia and Ecuador, with Espeletia (Compositae) dominating. This high altitude, cold, and humid formation is not properly grassland, but is rich in Gramineae.
2) The high Andean Mountain Steppes of Peru, Bolivia, and northwestern Argentina.
3) The Patagonian-Fuegian-Falkland Steppe, mainly in the subandean districts.
FLORISTIC COMPOSITION OF THE THREE GRASSLAND TYPES
The specific composition of the different grasslands, according to authors who have studied them, confirms the theory of temperature preferences of tribes and genera. Within each of the climatic zones, the presence of forest or grasslands (under conditions not disturbed by man) depends more on rainfall quantity and distribution, or on edaphic factors, than on temperature.
Megathermics: Los Llanos (Venezuela and Colombia).
A typical example of neotropical savannas. Mean Annual temperature 27.50 C; annual variation ca. 2.5OC. Rainfall 800-i200 mm mean per year.
Principal If the Gramineae developed in the Mesozoic, as fossil remains seem to prove, the present distribution of so many nearly cosmopolitan genera in both the New and the Old World, is best explained by Alfred Wegener's classic theory of Continental drift, now modernized and accepted by most geologists. From the original stock, which was already considerably diversified, the present grass flora developed during the Tertiary and Quartenary. This resulted in more localized species both to the north and to the south of the equator. Long distance migration is another possible explanation for the similarities of the flora of South and North America, and even with Eurasia.
In fact, what seem to be boreal influences along the Andes Cordillera, are very evident in the tribes classified as micro-or mesothermic in the present paper. Temperate or cold slopes and valleys along the Andes, at medium or high altitudes, allowed many genera the sort of migration sometimes called "mountain hopping." Whether this process proceeded only from north to south, and not inversely, is hard to say. Finally, "Grasses and Grasslands in South America" is a fascinating research field, and much is yet to be done. No doubt there are still unknown species to be discovered and described. Much can be learned concerning the evolution and relationships of the various genera and species. Our present knowledge of the ecology of tropical and subtropical grasslands is scanty, as is information which will permit us to determine, in many cases whether the vegetation is primary or secondary. The Gramineae are, indeed, an extremely successful group. In South America, as in other parts of the world, representatives are to be found in nearly every plant community.
